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In the current study, the eect of boron waste addition on some properties of y ash based glass and glass--ceramics were investigated. The powder compositions including 10, 30, and 50 wt% boron waste was prepared. All the investigated compositions were melted at 1500
• C by using electrical furnaces. Melting structures were cast into the graphite mold. Thus, y ash-boron waste based glass materials were produced. To transform the glass--ceramic, crystallization process was performed. Crystallization and glass-transition temperatures were determined by dierential thermal analysis. Highly dense and crystalline materials, predominantly composed of diopside and augite together with tincalconite and residual glassy phase, were detected by X-ray diraction analysis after heat treatment at 800, 900, and 1000
• C for 1 h. For the glass and glass-ceramic samples, mechanical tests such as hardness and fracture toughness were realized. A boron waste addition has a positive eect on the hardness of the specimens unlike the fracture toughness results. Furthermore, produced glass-ceramic materials were characterized via scanning electron microscopy. [2, 3] . Fly ash can be used for glass and glass-ceramic materials production owing to these oxides.
Boron is an important element due to its some properties such as optical, thermal, and electrical. Because of this, it has wide using area as berglass insulation, borosilicate glass, metal welding and pharmaceutical manufacturing, and is a dopant for semiconductors.
Boron compounds are used to produce borosilicate glass.
Boron oxide joins to the glass structure as a glass constructive material. These glasses are used in chemically resistant containers and piping to ber composites, and from pharmaceutical and sealing glasses to nuclear waste immobilization. Boron has been found as a mineral structure in nature. It is generally obtained by renement of boron ore, mainly colemanite, and borax [4] . Turkey holds 63% of the total boron reserves of the world with 640 million tonnes. Boron ores in Turkey are colemanite, * corresponding author; e-mail: ercenk@sakarya.edu.tr ulexite and tincal. Eti-bor Krka Borax Company is the biggest borax producer in Turkey [5, 6] .
The aim of the present study is to prepare the new glass and glass-ceramic materials obtained from y ash and boron waste. The eect of boron waste on mechanical and microstructural characteristics of y ash based glass and glass-ceramics was studied.
Experimental procedure
Fly ash taken from from Seyitomer Thermal Power Plant (Turkey) and boron waste obtained from Eti-bor Krka Borax Company (Turkey) were used in this study. The chemical analysis of the raw materials in the study is given in Table (LOI = loss 
Experimental results
The XRD results of glass samples including 50% boron waste showed that the structures were amorphous, predominantly (Fig. 1a) . Some weak peaks in the glass compositions were observed, it is probable that these crystalline phases were formed due to annealing process. In order to identify the crystalline phase(s), X-ray scans were also carried out on glass-ceramic Fig. 1b . Andesine, augite, and diopside are common phases for y ash based glass-ceramics [7, 8] . Peak intensities increased with increasing boron waste content and temperature. When the temperature reached 1000
• C, the peaks intensities that increased from B10 sample to B50 sample presented the experimental evidence of increase in crystallinity. In general, overlapping of the peaks was determined due to similar chemical combination. The peaks of tincalconite phase were not observed in the XRD patterns of the B10 sample compared to the B50 sample. Similarly, this peak was not identied in the XRD patterns of the samples sintered at 800
• C.
This situation shows that the tincalconite phase crystallizes above 800
• C, probably. tends to reduce glass transition and crystallization temperatures [9] . (Fig. 3a) increased depending on sintering temperature and glass--ceramic transformation. XRD results showed that boron waste additions caused better crystallization conditions. 
Summary
In this study, two dierent waste materials were employed to produce glass and glass-ceramic materials. The purpose of the study was to present the eect of boron waste on vitrication, crystallization, and mechanical properties of y ash based glass and glass-ceramics. The structure was detected by XRD as amorphous before the heat treatment process. Andesine, augite, tincalconite, and diopside phases were determined via heat treatment.
Boron waste material caused decrease in glass transition and crystallization temperature, it provided better condition for the crystallization. It was supported by XRD results that the patterns of the sample including higher boron waste exhibited higher peak intensities compared to the others. Better crystallization conditions by means of boron waste addition has a positive eect on hardness.
As an expected result, fracture toughness decreased. In the SEM microstructure, compact and dense structures were observed. At the same time, the eect of boron waste on crystallization was shown in the SEM images.
Grains and grain boundaries in the samples including high boron waste were more specic than the samples including low boron waste.
